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Abstract 
The aim of this paper is to describe the main design and execution criteria regarding the quay wall 
solution adopted which is being constructed at a length of approximately 1000 meters in the new 
container terminal at the Lomé Port, Togo. These structures include a 29-meter deep reinforced 
concrete diaphragm wall, connected to an anchored dead man wall through a 45-meter long steel tie 
rod system. The quay cranes will run over the diaphragm wall on the sea side on a beam, founded on 
bored piles on the land side. Several constraints were taken into consideration, for example, the 
geological-geotechnical conditions as well as the high loads (due to the bollards and the crane rails), 
the durability, the safety and the costs. As a result of a soft clay layer, located next to the diaphragm 
wall tip, the ground at the wall tip level was improved in several sections with jet grout columns to 
prevent punching and increase the overall stability. The soil in the passive zone of the diaphragm wall 
was also improved with jet grouting columns to reduce the deformation and the bending moments in 
the quay wall. 
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1 Introduction 
This document describes the main design and execution criteria of the quay wall solution, which is 
being constructed at a length of up to approximately 1000 meters in the container terminal at Lomé 
Port, Togo (Figure 1).  
These structures are diaphragm walls and a tie-rod system, bored piles and a crane beam on the 
land side.  
The quay structure consists of a 29m long and 1.2m thick front wall, founded at level -27m, a 9m 
long and a 0.8m thick wall at a distance from the front wall of 45.5m between the axes, founded at 
level -6.0m, and one row of tie-rods anchored at level +1.0m at the front wall and +0.0m at the anchor 
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wall. The tie-rods are spaced at an average distance of 1.5m. Figure 2 shows the quay structure 
solution. 
The crane rail on the sea side is located on the front wall axis, while the crane rail on the land side 
rests on a 1.4m wide and 1.25m high beam, held by a row of 1.2 m diameter bored piles, founded at 
level -22.0m and spaced at a distance of 3.0m between axes. 
 
 
 
Figure 1 – New container terminal, Lomé Port, Togo 
 
In some parts, along the quay wall length, as a result of the weak geotechnical behaviour of a 
specific layer, the diaphragm wall is reinforced with jet grout columns of 1.5m diameter and 4.0m 
high, displaced alternatively at the back and front side of the wall, spaced 0.8m between the wall axis 
and the column axis, and 3.0m between them. The passive zone is also treated with jet grout columns 
as shown in Figure 2.  
 
 
 
Figure 2 – Quay structure solution (cross section and plan view of ground improvement). 
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2 Geological and Geotechnical Constraints 
Several geotechnical surveys were carried out at Lomé Container Terminal. 
According to the stratigraphy found in the geotechnical investigations, three cross sections (S21, 
S22 and S23) of the quay wall, are representative for the design. The present paper will only focus on 
survey S21, which is representative of the section with the jet grouting treatment. 
The main soil layers considered in section S21 and their respective parameters are summarized in 
Table 1. 
 
Layer J
(kN/m3) 
c' 
 (kPa) 
M'  
(º) 
E 
(MPa) 
B Sands (SP) 19 0 37 40 
C0 Silt and Silty-Clay 
(SM to SC) 
20.2 0 30 10 
C1 20.1 15 22 8 
C3 20.1 45 23 15 
D1 Silty sands (SM) 21 0 35 40 
D2 Silty Sands (SP) 21 0 35 45 
E Sandy organic clay 
(CH) 
18 12 17 8 
F Silty (SP-SM) 20 0 35 35 
Table 1. Geotechnical parameters (Section S21) 
On the surface of the diaphragm wall, the amount of shear stress, which can be mobilised at the 
wall-ground interface should be determined by the ground-wall interface parameter Gmax = k I’. On the 
safe side, for a diaphragm wall, a value of k=2/3 was assumed, according to EN 1997-1:2004, section 
9.5.1, articles (5), (6) and (7). 
3 Design Basis 
This chapter describes the basis for the design, including some of the related codes and standards. 
3.1 Materials 
Concrete 
The concrete class used in the diaphragm wall design is C35/45, with the following specific 
characteristics for diaphragm wall construction: 
x Characteristic strength: fck = 35MPa; 
x Characteristic cube strength: fck,cube =45MPa; 
x Maximum aggregate size: dg = 24mm; 
x Minimum cement content: 385 kg/m3 (BS EN 1538:2000, section 6.5.3); 
x Water/cement ratio < 0.50; 
x Slump class S4: slump between 160 and 210mm (BS EN 1538:2000, section 6.5.6); 
x Flow class F4/F5: Flow diameter between 520 and 630mm (BS EN 1538:2000, section 
6.5.6). 
Steel reinforcement 
The steel class of the reinforcement bars is B 500S. 
Anchor tie rods 
The steel properties comply with the relevant codes and standards, and, in addition: 
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x Steel in the anchor rods has a minimum tensile strength (Re and Rm) of 670 and 
800MPa ; 
x All steel has a minimum ductility (Rm/Re) of 1.15; 
x All steel has a minimum elongation at maximum force (Agt) of 5%; 
x Corrosion protection of the tie rods is according to BS EN 1537:1999 Ground anchors. 
Jet grouting columns 
The jet grouting columns should satisfy the following specific characteristics: 
x Average ultimate compressive strength: 4.0MPa; 
x Average Young Modulus at service load: 1.0GPa. 
3.2 Load Combinations 
To verify the ultimate limit states (ULS) and serviceability limit states (SLS), several aspects were 
taken into account, such as the water level variation, the dredging level, the bollard loads, the ship-to-
shore gantry crane loads and a general surcharge load from a large number of containers.  
The values of the effects of loads for structural and geotechnical failure modes are obtained by 
combining the loads with the partial factors and combination factors. The load combinations are 
named Ah,i,j,k,l, where “A” is the ultimate limit state (GEO or STR) or service limit state (SLS); h is the 
combination type, “i” the main load, “j” the crane horizontal load direction, “k” the crane load 
hypothesis and “l” the general surcharge load distribution. 
The results will focus on combinations Gf2LW11, Sf2LW11 and Dc3LW11, where: 
x A = G, S and D, for geotechnical (G) and structural (S) failure mode in ULS and D for 
service limit state; 
x h = f (fundamental combination) and c (quasi-permanent combination); 
x i = 2 (general surcharge load) and 3 (STS crane load); 
x j = LW (crane horizontal load direction from land side to water); 
x k = 1 (additional safety margin crane load); 
x l = 1 (uniform load over the whole operation area). 
4 Results 
The following failure modes are verified for geotechnical failure modes (GEO) and structural 
failure modes (STR): 
x Overall stability (GEO, ULS) 
x Bending moment failure of quay wall (STR, ULS) 
x Quay wall horizontal displacements (STR, SLS) 
 
The construction phases considered are the following: 
1. The initial state corresponds to the working platform at level +3.5m; 
2. Quay structure construction (front wall, bored piles, anchor wall and tie-rod system); 
3. Dredging at level -12.0m; 
4. Filling to level +4.5m; 
5. Dredging at level -17.6m; 
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4.1 Overall Stability 
The overall stability is checked by using the computer program Plaxis 2D, a finite element package 
intended for the two dimensional analysis of deformation and stability in geotechnical engineering. 
With this program, a I’/c’ reduction analysis can be performed. The failure surface can be observed in 
Figure 3 for section S21 and S22 with a safety factor value of 1.10 and 1.01 (bigger than 1.0): 
 
 
 
Figure 3 – Overall stability failure modes. Load combination S21-Gf2LW11 and S22 – Gf3LW12 
4.2 Bending Moment Failure of Quay Wall 
The values of axial force (N), shear force (Q) and bending moments (M) are obtained from the 
PLAXIS calculations along the diaphragm walls for combination Sf2LW11. In this combination the 
bollard load has a value of 60kN (direction from land to water) and 30kN (upwards direction), the 
surcharge load has a value of 30kN/m2 and the crane load has a value of 56.2kN/m (direction from 
land to water) and 1124.7kN/m (downwards direction) for both crane beams. 
Figure 4 (left hand side) shows the results of the axial force, shear force and bending moments for 
the structural combination Sf2LW11 for final dredging level as well as for a temporary dredging level 
as explained hereafter. For the final dredging level the maximum bending moment is 5067kNm/m and 
occurs approximately at level -12.0m.  
 
 
 
Figure 4 – Load combination Sf2LW11 (design dredging level -17.6m) and (dredging level -12.0m). 
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However, a provisional situation where the quay wall structure starts operating with a dredging 
level of -12.0m (optional dredging level), has also been checked considering a temporary load of 
10kN/m2. A deeper embedment of the front wall implies higher negative bending moments at the 
bottom part of the wall, so, the reinforcement required on the land side is increased significantly, as 
shown in Figure 4 (right hand side). The maximum negative bending moment occurs approximately at 
level -20.0m with a value of 1824kNm/m. 
Figure 5 shows two steel reinforcement sections, A1 and B2, which correspond to the maximum 
positive bending moments and the minimum negative bending moments, respectively.  Section A1 is 
valid from level -7.5m to -16.0m and section B2 from level -18.0m to level -24.0m. 
 
 
 
Figure 5 – Steel reinforcement for section A1 and B2 
Figure 6 shows the interaction N-M diagrams for section A1 and section B2.  
 
 
 
Figure 6 – Interaction diagram for section A1 and for section B2 
4.3 Quay Wall Displacements 
Several control points have been selected in order to describe the movements of the diaphragm 
wall during construction and during the service of the structure (Figure 7). 
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Figure 7 – Control points and inclinometer measure process 
 
The serviceability limit calculated as the maximum horizontal displacement of the quay wall is 
checked. The values of the displacements are obtained for the quasi-permanent combinations with the 
program Plaxis 2D. According to section 5.2.3, BS 6349-2:2010, for the quasi-permanent 
combinations, the maximum horizontal displacement considered for a vertical wall is H/300, where H 
is the distance between the top and the toe of the quay structure. 
The displacements were obtained for the load combination Dc3LW11, which means a linear crane 
load of 1304kN/m2 and a surcharge load of 9kN/m2. Figure 8 shows the horizontal and vertical 
displacements of the control points along the time. 
 
 
Figure 8 – Horizontal displacements (Plaxis estimations and inclinometers measurements) 
 
A maximum horizontal displacement of 60.8mm is obtained, which is smaller than 
H/300=31500/300=105mm. 
5 Conclusions 
With the present document it is possible to verify the wide range and versatility of solutions for the 
container terminal of Lomé, Togo. One of the most important aspects in this type of works is the 
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geological-geotechnical campaign, carried out before and during the works, as well as a good 
instrumentation and observation plan, which allowed, for example, to redefine the project solution and 
reinforce the wall with jet grout columns. 
 
 
 
Figure 9 – Global view of the works 
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